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18-20 months (paired t, P < 0.01). After 20 months, plasma 25-OHD levels appeared to increase again and were not significantly different from baseline. Seasonal effects on plasma 25-OHD were not demonstrable. Mean plasma Ca values were mildly increased after Colestipol therapy was begun and were significantly elevated at 18-20 months (10.04 vs. 9.71 mg/dl at baseline). Mean plasma PO4 levels were not significantly different on Colestipol therapy, with the single exception that at 20-22 months plasma Po4 was 3.82 vs. 4 .05 mg/dl at baseline ( P< 0.05). In no subject was serum Ca <9 mg/dl or serum PO4 <2.5 mg/dl at any time during the study.
Speculation
In children with familial hypercholesterolemia receiving bile acid sequestrants (10-15 g/day), consistent changes in Ca, P04, and 25-OHD levels appear to be unlikely, but long term monitoring of these factors would be important in regard to optimal growth and development.
Recently, emphasis has been placed on the diagnosis and therapy of hyperlipoproteinemias in children as a primary approach to prevention of premature atherosclerosis (7, 8, 11-14, 16,27, 28) . Anion exchange resins, Colestipol and Questran, have been recently introduced for use in children who have familial hypercholesterolemia, who are resistant to dietary management alone (7, 8, 11, 12, 27, 28) .
When these resins are used for long term therapy in children, it is important to monitor for any effects on growth and development (7, 8, 11, 12, 27, 28) . Concern has been raised about possible long term effects on nutrient absorption with the use of organic anion exchange resins which sequester bile and impair bile acid absorption (27) .
In children receiving a high dose of cholestyramine resin (0.6 g/kg/day), West and Lloyd reported decreased plasma PO4 (27) .
Plasma calcium was increased during cholestyramine therapy in three patients studied by Briscoe (5) . In rats, cholestyramine resin avidly binds enterohepatic recycled 25-OHD3 (19, 25) . Within this frame of reference (19, 25) , in this study we have assessed effects of Colestipol, a new synthetic organic bile sequestrant polymer (U26-597A) (1 1, 18) on vitamin D metabolism over a 2-year period in children with familial hypercholesterolemia.
MATERIALS AND METHODS

PATIENTS
Fifteen children (median age 15 years, range 7-20 years) were studied. Their hypercholesterolemia was documented as familial by the following three criteria: 1) fasting hyperbetalipoproteinemia in the child and one proband parent (9, (11) (12) (13) (14) 16) ; 2) exclusion of disorders causing secondary hypercholesterolemia (9, 13); and 3) the presence of hyperbetalipoproteinemia in one parent and in one or more siblings, confirming its familial nature (9, (11) (12) (13) (14) 16) .
All spouses of the affected parents had normal levels of plasma cholesterol, LDL cholesterol, and triglyceride.
DIAGNOSIS OF HYPERBETALIPOPROTEINEMIA
For each child, two or three index blood samples were obtained after a 12-to 14-hr fast. The children were on their habitual ad libitum diets without any recent weight changes. There was a 2-to 3-week interval between the first and second index blood samples. Hyperlipoproteinemia was diagnozed by established, previously described methods (7, 13, 14, 16) . Upper normal limits for plasma cholesterol and P-lipoprotein cholesterol in children were based on age-adjusted criteria (9, (11) (12) (13) (14) 16) STUDY PROTOCOL Enrollment into the present study was in the consecutive order of presentation to the University of Cincinnati Lipid Research Center. A low cholesterol (<300 mg/day) and high polyunsaturate (P/S 1.5: 1) diet was prescribed by metabolic dietitians. All children who were subsequently placed on Colestipol had persistent hyperbetalipoproteinemia on diet therapy alone (1 1). Colestipol resin 10-15 g/day (1 1) was given, one pack given with breakfast and one pack with the evening meal. Adherence to the drug was reviewed and reinforced at each visit. No specific dietary supplementation with vitamin D was advised.
Baseline pre-Colestipol, and follow-up samples on Colestipol at 12-14, 16-18, 18-20, 20-22, and 22-24 months were obtained (Table 1) . At each visit, fasting blood samples were obtained for (3, 20) . Normal plasma 25-OHD levels, using a previously described method (3, 20) have been 29 f 10 ng/ml, mean k SD.
STATISTICAL ANALYSES
Comparisons of blood samples were made at different times vs. baseline values using paired t analyses; regression analyses were performed on possible correlations between variables; seasonal changes in 25-OHD were compared by Wilcoxon rank tests (22) .
RESULTS
In the 15 children, mean (fSE), LDL cholesterol decreased from 221.4 + 9 mg/dl (baseline), to 18 months, plasma 25-OHD levels appeared to increase again and were not significantly different from baseline. In three patients, plasma 25-OHD levels temporarily fell below normal limits. In patient J. R. (16 years old), plasma 25-OHD levels decreased from 74.8 ng/ml (baseline) to 20.5 at 12-14 months, 9.2 at 16-18 months, and 9.4 at 18-20 months. However, by 22-24 months, plasma 25-OHD levels had returned to normal, 23.2 ng/ml. In patient M.W. (1 1 years old) , plasma 25-OHD was 23.5 ng/ml at baseline, 35.5 at 12-14 months, 32 at 16-18 months, and 8.8 at 18-20 months. Levels returned to normal, 16.2 ng/ml, by 22-24 months. In R.R. (20 years old), the baseline 25-OHD value was 25 ng/ml, at 12-14 months it was 25.7, but by 18-20 months, it was decreased to 6.7 ng/ml. At 22-24, months, 25-OHD returned to normal, 21.4 ng/ml. Thus, in these three children, decreased plasma 25-OHD levels were quantitated for 4-6 months, with spontaneous return to normal without change in drug or dietary therapy.
Mean plasma Ca values were mildly increased after Colestipol therapy was begun, and were significantly elevated at 18-20 months (10.04 vs. 9.71 ng/dl at baseline). Mean plasma PO4 levels were not significantly different on Colestipol therapy, with the single exception that at 20-22 months plasma PO4 was 3.82 vs.
4.05 mg/dl at baseline ( P < 0.05). In no subject was serum Ca < 9 mg/dl or serum Po4 < 2.5 mg/dl at any time during the study.
There was no significant correlation between plasma 25-OHD and LDL cholesterol, plasma Ca and plasma 25-OHD, and plasma PO4 vs. 25-OHD (standard regression P > 0.05). Seasonal effects on plasma 25-OHD were not demonstrable. Median 25-OHD levels for winter and spring months were 21-28 ng/ml and for summer and fall months were 22-30 ng/ml. Values falling below the normal range were evenly distributed among the four seasons.
DISCUSSION
Since familial hypercholesterolemia can be readily diagnosed in children but does not respond adequately to diet alone (9, 11-14, 16, 27, 28), increasing attempts have been made to provide drug regimens that effectively and safely lower plasma cholesterol. Organic bile sequestrant anion exchange resins are the most commonly used drugs for use in children and adults; these decrease plasma total and LDL cholesterol in a majority of hypercholesterolemic patients (8, 11-14, 16, 18, 21, 28) . In this study, mean LDL cholesterol levels were significantly reduced 14-22% below levels achieved on diet alone by Colestipol plus diet. Although LDL cholesterol levels were not thus normalized for all children, this response was comparable to previous reports (8, 11-14, 18, 21, 28) .
Since bile acid absorption is decreased by bile sequestrant drugs, malabsorption of fat (15) and fat-soluble vitamins (6, 10, 26) can occur. In the rat receiving cholestyramine, vitamin A (10) and vitamin E (6) malabsorption has been demonstrated. However, in children with familial hypercholesterolemia given cholestyramine (12 g/day) (14) or Colestipol (11), 10-15 g/day, plasma vitamin A or E levels were not decreased over a 6-month period of time (12) . In the present study, the decrease in plasma 25-OHD in this group of children with familial hypercholesterolemia appeared to be both limited and relatively short lived. Liver 25-hydroxylation in the rat appears to be inhibited by high doses of vitamin D (4). It is unclear whether a compensatory increase in hepatic 25-hydroxylation could occur in a situation theoretically predisposing to vitamin D malabsorption (17) . Even in the three children with marked falls in plasma 25-OHD to subnormal values, plasma 25-OHD levels reverted to normal in 4-6 months. The fluctuation in plasma 25-OHD levels was not explained by seasonal variation.
The biochemical data referable to calcium and phosphorus are difficult to interpret. Since vitamin D is particularly important in intestinal absorption of PO4 and Ca, plasma PO4, and Ca might be decreased in disorders of vitamin D metabolism. An increase in plasma Ca and borderline decrease in plasma PO4 levels could be interpreted as indicating a lack of significant effect on Ca-PO4 metabolism. Furthermore, there was no significant correlation of plasma Ca or PO4 with plasma 25-OHD levels. In one previous study, using larger doses of cholestyramine (0.6 g/kg/day) for 24-36 months, plasma PO4 levels were decreased (27) . It is possible that with larger doses of bile acid-sequestrant resin for prolonged drug therapy, mineral imbalances night occur (27) .
CONCLUSION
Temporary decreases in plasma 25-OHD levels were demonstrated in children with familial hypercholesterolemia receiving Colestipol after approximately a year and a half of therapy. No consistent effect was demonstrable for plasma Ca and PO4. Long term evaluation of these children would be important in regard to their optimal growth and development.
